Study design: Retrospective data analysis. Objectives: To document fracture characteristics, management and related complications in individuals with traumatic spinal cord injury (SCI). Setting: Rehabilitation centre for SCI individuals. Method: Patients' records were reviewed. Patients with traumatic SCI and extremity fractures that had occurred after SCI were included. Patient characteristics, fractured bone, fracture localisation, severity and management (operative/conservative), and fracturerelated complications were extracted. Results: A total of 156 long-bone fractures in 107 SCI patients (34 women and 73 men) were identified. The majority of patients were paraplegics (77.6%) and classified as American Spinal Injury Association Impairment Scale A (86.0%). Only the lower extremities were affected, whereby the femur (60.9% of all fractures) was fractured more frequently than the lower leg (39.1%). A total of 70 patients (65.4%) had one fracture, whereas 37 patients (34.6%) had two or more fractures. Simple or extraarticular fractures were most common (75.0%). Overall, 130 (83.3%) fractures were managed operatively. Approximately half of the femur fractures (48.2%) were treated with locking compression plates. In the lower leg, fractures were mainly managed with external fixation (48.8%). Conservative fracture management was applied in 16.7% of the cases and consisted of braces or a well-padded soft cast. Fracture-associated complications were present in 13.5% of the cases but did not differ significantly between operative (13.1%) and conservative (15.4%) fracture management. Conclusion: SCI was associated with simple or extraarticular fractures of the distal femur and the lower leg. Fractures were mainly managed operatively with a low complication rate.
INTRODUCTION
Long-bone fractures are a common secondary condition of spinal cord injury (SCI). An average fracture incidence of 2.2% per year with a mean time to first fracture after traumatic SCI of 8.9 years has been reported. 1 The lower extremities are predominantly affected by fractures, and fractures are typically located in the diaphyseal or distal femur and in the proximal lower leg. [2] [3] [4] Typically, SCI individuals suffer from fragility fractures, that is, low-energy fractures. 5 The extensive loss of bone mass in the paralysed extremities is a main factor contributing to the increased fracture risk after SCI. 1, 5, 6 Within the first years after motor complete SCI, bone mineral density decreases by 50-70% in the lower extremities. 7, 8 This loss of bone density is paralleled by an overall increased fracture rate after SCI, which is twice the fracture rate in the able-bodied population. 5 Spinal cord-injured women have been reported to have a 1.6 times higher risk of long-bone fractures compared with spinal cord-injured men. This seems to be the result of the higher degree of bone loss in SCI women. Apart from sex, the lesion level seems to affect fracture risk after SCI: patients with lumbar lesions have 2.4 times more fractures than those with cervical lesions. 5 In the past, conservative fracture management measures such as pillow splints or bracing have been recommended. [9] [10] [11] In this context, 87% of the extremity fractures documented in the Boston SCI cohort study have been treated conservatively. 12 However more recently, operative fracture management has been advocated. 2, 13 Generally, the goal of fracture management is the restoration of the level of prefracture activity and functioning of the patient. 2, 4 As a consequence, an individual approach to fracture treatment has been recommended. 11 Carbone et al. 14 have observed post-fracture complications in 54% of SCI patients with lower-extremity fractures. Complications that commonly arise after a fracture are decubitus ulcers, venous thromboembolic events, mal-alignment, non-union or mal-union. 14, 15 To date, only few reports exist concerning the differences in fracture vulnerability between SCI subgroups. In addition, detailed information regarding fracture characteristics and the applied fracture treatment in daily clinical routine in a larger SCI cohort is scarce. It is unclear whether the extent of the neurological compromise affects fracture location, characteristics or recurrence of fractures. On the basis of this knowledge, individuals at risk of complex fractures could be identified and specific recommendations for the prevention of complex and recurrent long-bone fracture in persons with SCI could be established. Thus, the purpose of this study was to document long-bone fractures, fracture type according to the Müller AO classification, 16 applied fracture management as well as fracture-related complications in individuals with a history of traumatic SCI. We also analysed whether the severity of long-bone fractures and the presence of recurrent long-bone fracture events was affected by SCI-specific factors such as the American Spinal Injury Association Impairment Scale (AIS) 17 and the lesion level of SCI.
METHODS
This retrospective study was conducted at a single centre specialized in the rehabilitation of SCI patients. Records of in-and out-patients between 2000 and 2011 were reviewed. Data of patients who met the following inclusion criteria were extracted: traumatic SCI and extremity fractures that occurred after the time point of SCI (corresponding to Class II or III according to McMaster and Stauffer 11 ) and availability of at least baseline conventional radiographs after a long-bone fracture. The subsequent parameters were extracted from the patient records: patient characteristics (age, gender, AIS, time since injury, lesion level (cervical, thoracic or lumbar SCI)), fractured bone, fracture localisation and severity according to the Müller AO classification of long-bone fractures, 16 fracture management (operative versus conservative), implant type in case of operative treatment and type of fracture management in case of conservative treatment, fracture healing (complete versus incomplete) as well as occurrence of fracture-related complications. Fracture healing, evaluated on anteroposterior and lateral radiographs, was defined complete if the cortical bone was organised parallel to the axis of the bone, that is, if consolidation was achieved. Radiographs were routinely taken immediately after the fracture as well as 6 weeks, 3 months, 6 months and 1 year after the fracture, as clinically indicated.
This study has been approved by the Ethics Review Committee of the Canton Lucerne, Switzerland. All applicable institutional and governmental regulations concerning the ethical use of patient data were followed. Descriptive statistics were used to present data as frequencies with mean values and corresponding s.d. when normally distributed. In case of multiple long-bone fractures, the patients' characteristics at the time of the first-reported long-bone fracture were considered. The independent t-test was used to analyse differences between sex-specific patients' characteristics. The χ 2 -test (or exact Fisher's test where appropriate) was used to identify risk factors, that is, to test for significance SCI-specific factors, such as the AIS classification or SCI lesion level (dichotomised into paraplegia/tetraplegia) within the AO classification. 16 The level of significance was set at α = 0.05. Statistical analyses were performed using the SPSS software (Version 18.0.3, IBM, Somers, NY, USA).
RESULTS
A total of 107 SCI patients (34 women and 73 men) fulfilled the inclusion criteria. Ninety-two patients (86.0%) were classified as AIS A. The majority of the patients were paraplegics (77.6), and 72.0% of the paraplegic patients had an upper motor neuron lesion. Mean age at SCI was 30.5 ± 13.8 years and mean time since SCI at the time of the first-reported long-bone fracture was 20.1 ± 12.2 years. Women and men showed similar distributions of AIS classifications (P = 0.322), lesion levels (paraplegia/tetraplegia; P = 0.809) and cervical, thoracic or lumbar SCI (P = 0.684). Except for the age at SCI, men and women did not differ significantly with regard to age at first-reported long-bone fracture and time since injury (Table 1) .
Altogether, 156 long-bone fractures were extracted from the medical records of the 107 included patients. A total of 70 patients (65.4%) had one fracture, 28 (26.1%) had two fractures, 7 patients (6.5%) suffered from three fractures, 1 patient had four and 1 patient had five fractures. Concomitant fractures (that is, two fractures per event) occurred in 16 patients, all other multiple fractures were subsequent events. Only the lower extremities were affected, whereby the femur (60.9%) was more frequently fractured than the lower leg (39.1%). The distribution of the fracture localisation within a bone differed significantly between the upper and the lower leg (P = 0.035): in the femur, most of the fractures (44.7%) were distally located, followed by 29.8% proximal and 25.5% diaphyseal fractures ( Table 2 and Figure 1 ). In the lower leg, fractures were distributed as follows: 41.9% proximal, 38.7% distal, 14.5% diaphyseal and 4.8% malleolar fractures (Table 2 and Figure 1 ). Overall, simple or extraarticular fractures (AO classification, A) were most frequent (75.0%). Partial or complete articular fractures (AO classification, B) accounted for 17.3% of the fractures, and 7.7% were classified as complex or complete articular fractures (AO classification = C; Table 2 ). The characterisation of fracture fragments differed significantly between the femur and the lower leg (P = 0.009).
Overall, 130 (83.3%) fractures were treated operatively and 26 (16.7%) conservatively. Femoral fractures (n = 83) were managed operatively significantly more often than lower leg (n = 47) fractures (P = 0.035). Approximately half of the femur fractures (48.2%) were treated with locking compression plates. At the lower leg, fractures were mainly managed with external fixation (48.8%; Figure 2 ). Conservative fracture management consisted of braces (22 cases) or a well-padded soft cast (four cases). The occurrence of fractureassociated complications did not differ significantly between operative and conservative fracture management (P = 0.940). Complications were present in 21 cases: 13.1% postoperative and 15.4% during conservative fracture management (Table 3) . In one case, operative management of a wedge fracture at the distal lower leg was performed after conservative fracture treatment had failed. Fracture healing was complete in 64.7% of the cases within 1 year post fracture. In 9.6% (15 fractures), fracture healing was not complete and in 25.6% (40 fractures), fracture healing was not assessable due to either a too short radiographic follow-up period or the availability of baseline Long-bone fractures after spinal cord injury A Frotzler et al radiographs only. The rate of fracture healing did not differ significantly between operative and conservative fracture management (P = 0.120). Neither lesion level (cervical, thoracic or lumbar) nor AIS classification (A or B) nor sex had a significant effect on the characteristics of the long-bone fractures. Due to the small number of patients with an AIS C and D classification, statistical analyses were restricted to AIS A and B patients. However, there was a numerically higher proportion of femur fractures (73.2%) vs lower-leg fractures (26.8%) in patients with a lesion of the lower motor neuron compared with patients with an upper motor neuron lesion (55.7% femur fractures vs 44.3% lower-leg fractures; P = 0.063). Compared with patients with only one long-bone fracture event, patients with one or more subsequent fracture events had comparable distributions with regard to AIS classification (P = 0.493), sex (P = 0.192), lesion level (that is, paraplegia/tetraplegia; P = 0.334) and upper or lower motor neuron lesion (P = 0.653).
DISCUSSION
The characteristics of 156 long-bone fractures in 107 individuals with a history of traumatic SCI were studied retrospectively. The majority of the long-bone fractures were localised in the distal femur, followed by fractures of the proximal lower leg. No fractures of the upper limbs were recorded. Most of the fractures (75.0%) were simple or extraarticular fractures. Overall, 83.3% of the fractures were treated operatively. Fracture-associated complications were present in 13.5% of the cases with similar complication rates after operative and conservative fracture management. With respect to fracture severity, no significant differences were found between patients with cervical, thoracic or lumbar SCI, between patients classified as AIS A or B and between men and women. Although AIS was not found to significantly influence fracture characteristics, it should be considered that 94% of the patients were classified AIS A or B.
The results of the present study confirm the findings of previous studies in SCI individuals, in which the majority of long-bone fractures was also observed in the lower extremities. 3, 18 Several authors suggested that the preferential localisation in the lower extremities was a consequence of the dramatic sublesional decrease of bone mineral density in the lower leg following SCI. 1, 5, 6, 19, 20 However, it is noteworthy that we observed more femoral than lower-leg fractures, although in individuals with motor complete SCI the loss of bone mineral density is known to be more pronounced in the latter. 8, 21 The fracture event itself and the resulting bending, torsion and compression forces are also important aspects that may account for the higher number of long-bone fractures in the femur than in the lower leg. Information concerning the magnitude of bone loss is missing in the present study because osteodensitometry was not routinely performed in these patients in our institution. However, as 86.0% of the investigated patients suffered from chronic motor complete SCI, with a mean time of~20 years from injury to the first-reported fracture, it may be assumed that most of our patients suffered from severe regional osteoporosis at the time of long-bone fracture, consistent with earlier observations reporting that bone mineral density in the lower extremities of individuals with chronic SCI was reduced by 50-70% 7, 8 with a median femoral neck T-score of − 3.9 corresponding to severe osteoporosis. 18 Approximately 35% of the investigated patients had experienced two or more subsequent long-bone fracture events. This proportion is slightly higher than the 28% reported by Fatal et al. 18 In the SCI population, and in contrast to the general population, fracture risk and the number of subsequent long-bone fractures appear to be more related to time since SCI than age. 1,3,10 So far, several pharmacologic and non-pharmacologic interventions aimed at reducing bone loss and/or at increasing bone strength after SCI have been investigated. 22, 23 However, the effect of these interventions with Figure 2 Number and type of operative fracture management (n = 130) for the femur and the lower leg. Percentages were calculated separately for the femur and the lower leg. Overall, surgical fracture management was applied in 83 femoral fractures and in 47 lower-leg fractures. regard to the reduction of long-bone fracture risk remains unclear. Thus, preventative measures should be taken and the awareness of the increased risk of long-bone fractures should be raised among patients early after SCI and among medical staff. Consistent with other reports, 1,13 fracture localisation within the bone differed significantly between the upper and the lower leg. Approximately 44% of the femur fractures were located distally in comparison to the lower leg, where fractures occurred both proximally and distally. With respect to fracture severity, our findings parallel the results of Bärlehner et al. 2 who classified 41 out of 55 (75%) long-bone fractures in patients with chronic SCI as 'simple' or 'extraarticular' according to the AO classification. This fracture distribution may reflect the common mechanism of fracture events in individuals with SCI, which are often the result of falls out of the wheelchair during transfers or propelling. 24 In contrast to previous recommendations for a conservative treatment of long-bone fracture in SCI individuals, 3,9-11 most of the long-bone fractures were treated operatively in the present cohort. Femur fractures were mainly managed with locking compression plates, whereas lower-leg fractures were mainly treated with external fixation. The rationale for the operative management of long bones in paralysed limbs is based on the early return to previous activities and high patient satisfaction. 2, 13 However, strong recommendations concerning operative or conservative treatment of long-bone fractures in SCI individuals cannot be drawn from our data, due to the retrospective study design. For this purpose, prospective controlled interventional studies would be required.
In contrast to previous studies with a reported complication rate after long-bone fractures of between 19 and 54%, 4,12,14 our work showed a lower complication rate of~14%, with a similar complication rate for operative and conservative fracture management. An explanation to this finding might be that our institution is specialised in the rehabilitation of patients with SCI and thus, the medical staff is very experienced with the management and care of long-bone fractures. Delayed fracture healing was observed in~10% of the cases. According to our experience, delayed fracture healing can result in prolonged immobilisation with an increased risk of pressure sores, general infections and prolonged hospitalisation. In addition, a delayed union may give rise to surgical revisions or interventions and thus increased costs.
In addition to its retrospective nature, our study has some limitations. Investigated fractures were not necessarily the first fractures after traumatic SCI and thus, the reported time to long-bone fracture after SCI may have been overestimated. On the other hand, the number of reported fractures within the observation period may have been underestimated, as all included fractures were radiographically documented. The collection of fracture-related complications was limited to dichotomised data (yes or no). Furthermore, clinically relevant data such as range of motion, patient's satisfaction, duration of hospital stay and use of bone-active drugs or calcium and vitamin D are missing. Finally, the detailed indications for operative or conservative fracture management were not available from the patients' records. However, this study presents an overview of the pattern of long-bone fractures and their management in individuals with traumatic SCI in daily clinical routine in a specialized centre for paraplegics.
CONCLUSION SCI is associated with simple or extraarticular long-bone fractures of the lower extremities, that is, distal femur and proximal or distal lower leg. The extent of the neurological compromise does not seem to affect the pattern of long-bone fractures. Multiple subsequent fracture events seem to be common. In our daily clinical routine, fractures were mainly treated operatively. The complication rate was comparably low both after operative and conservative fracture management.
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